Prehospital care

s it the H or the EMS in HEMS that has an impact on
trauma patient mortality? A systematic review of
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ABSTRACT

Background and aim Prehospital care of trauma
patients is a matter of great debate. The optimal
transport method remains undecided, with conflicting
data comparing helicopter and ground emergency
medical transfer. This study systematically reviews the
evidence comparing helicopter and ground transfer of
trauma patients from the scene of injury.

Methods A systematic literature review of all
population-based studies evaluating the impact on
mortality of helicopter transfer of trauma patients from
the scene of injury. We searched MEDLINE, CINAHL and
EMBASE from January 1980 to December 2008 and
selected and reviewed potentially relevant studies.
Results A search of the literature revealed 23 eligible
studies. 14 of these studies demonstrated a significant
improvement in trauma patient mortality when
transported by helicopter from the scene. 5 of the 23
studies were of level Il evidence with the remainder
being of level lll evidence. Data were then entered into
an evidence table and reference made to transport
staffing, intubation rate, time at scene and time/distance
of transfer.

Conclusions The role and structure of HEMS in

a modern trauma service is a debate that is likely to
continue. Prehospital care design should be specific to
critical incident frequency, geographical arrangements of
hospital facilities and travel times within each trauma
network. It is also important to consider the benefits and
capabilities of the emergency medical team separately
from the transport method being considered. An
effective helicopter EMS will ultimately depend on
effective operating procedures and tasking protocols,
clinical governance, and auditing of the helicopter EMS
activity.

INTRODUCTION

Trauma is the fourth most common cause of death
in the UK and the commonest cause for loss of life
in the young,' causing considerable loss of
productivity and subsequent social and economic
damage.? The UK’s National Confidential Enquiry
into Patient Outcome and Death (NCEPOD)
report! into trauma care within the UK concluded
that ‘almost 60% of the patients...received a stan-
dard of care that was less than good practice’, with
pre-hospital care and trauma networks found to be
deficient.

Within the UK, patients may be transported by
ground ambulance or, less commonly, by the heli-
copter emergency medical service (HEMS). The first
major use of helicopter transfer for trauma patients

was during the Korean War. It was not until 1987
that HEMS was created in the UK. There are now
more than 20 helicopter air ambulances in the UK,
most of which are run by charities.

The use of helicopters in the transport of trauma
patients is thought to confer a benefit through four
different means:

1. To retrieve patients from remote locations.

2. Provide the option to transport the patient
directly to a specialist trauma centre.

3. Facilitate rapid transport of a specialist team to
the scene of injury.

4. Expedite transfer of patients between facilities
(not addressed in this review).

There remains considerable debate as to whether
helicopter deployment for trauma patients is cost-
effective. This is partly due to conflicting reports in
the research literature on the impact of HEMS on
trauma mortality, the low incidence of major
trauma and the high cost of airframes and support.

In this systematic review, we aim to collate the
evidence on the effect on mortality of HEMS and
attempt to analyse whether it is the helicopter as
a transport platform or the standard of the emer-
gency medical service that accounts for any differ-
ences seen. A pervading difficulty is that the
outcome of mortality will likely be affected by the
whole trauma system including the hospital,
surgical and critical care facilities and cannot be
ascribed to prehospital interventions alone.

METHODS

Literature retrieval

Potentially eligible studies were identified by
performing a systematic search of three electronic
databases: MEDLINE (using PubMed), CINAHL
and EMBASE (both using the National Library of
Health). The time period for study inclusion was
January 1980 to December 2008. The search terms
used for the MEDLINE search were: ‘helicopter’,
‘HEMS’, ‘air ambulance’, ‘rotorwing’ and ‘otor-
craft’. The terms ‘HEMS’, ‘air ambulance’,
‘rotorwing’ and ‘rotorcraft’ were not recognised by
the National Library of Health database and so
EMBASE and CINAHL were searched using the
terms: ‘helicopter’ and ‘ambulance’. The retrieved
articles were limited to English language reports.

Selection of eligible studies

The abstracts of all studies that had potentially
relevant titles were reviewed. Broad inclusion
criteria were applied to the methods section of
these abstracts to decide which studies should be
sourced. If a study’s methodology could not be

Emerg Med J 2010;27:692—701. doi:10.1136/em].2009.087486

"1ybuAdoo Aq paroslold 1senb Aq #7202 ‘0T |Mdy uo ywoofwqgfway/:dny woul papeojumod "0T0Z 1shBny Z Uo 981/80'6002 IWa/9gTT 0T Se payslgnd 1sii ¢ pajn Biaw3


http://emj.bmj.com/

Prehospital care

determined from the abstract the paper was sourced for further
review. The reference list of each sourced paper was screened to
identify any additional manuscripts that could be included in
the review. Strict inclusion and exclusion criteria (box 1) were
then applied to potentially relevant papers to decide which
would be eligible for inclusion in the systematic review. If there
was uncertainty as to whether a paper should be included in the
review, then the senior opinion (K.W.) was decisive.

Eligible studies were then read in detail and relevant data
extracted. The strength of evidence presented by each manu-
script was assessed using the Oxford Centre of Evidence Based
Medicine guidelines,® which grade evidence across five levels of
study design.

Presentation of results

Each eligible study was included in a comprehensive results
table. If suitable, the authors of this paper calculated a mortality
OR for those papers that had sufficient data to perform such
a calculation and had not reported this ratio in the manuscript.
This was included to assist in the comparison of results between
studies.

RESULTS

We screened 15756 titles and identified 668 potentially relevant
titles. Of these there were 133 abstracts that could potentially be
included in this systematic review. This was reduced to 49 when
duplicates were removed. All of these papers were sourced for
further assessment. Following review of these papers, 23 eligible
papers remained. The reasons for exclusion of 26 of the sourced
papers was because they focused on or included interfacility
transfers,* ¥ did not only recruit trauma patients,* ' studied
HEMS triage criteria,'® ' used disability as the outcome,'® had
unclear methodology,' had no comparison group,’® 2°7?? did
not have HEMS as the primary intervention,”® compared two
separate HEMS services,®* ™" or were simply descriptive
studies.”®

Data from the 23 eligible studies were entered into an
evidence table (table 1). Consideration was given as to whether
the data could be combined to complete a meta-analysis, but due
to the inconsistency in patient inclusion criteria and outcome
measures this was inappropriate.

Five of the included studies were of level II evidence,
with the remainder being of level III evidence. Of those studies
included, 19 #° **°! compared HEMS with a ground medical
transport (GMT), with 17 of these comparing the two transport
modes delivering patients to the same hospital 2 343° 37374244 464751

Box 1 Inclusion and exclusion criteria for study

Inclusion criteria:

1. Study the mortality of trauma patients transported by HEMS
from the scene.

2. Needs to have a comparative group (ie, preHEMS vs
postHEMS, HEMS vs ground, HEMS vs MTOS).

3. Population based studies.

4. English literature.

Exclusmn criteria:

. Level 4/5 evidence or panel based studies.

2. Studies that look at effect of HEMS on interfacility transfer.

3. Studies that compare two separate HEMS services.

4. Studies that include non-trauma patients.

334243 49 50
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or within an established trauma system.** #! % 4¥7%0 The remaining
30733 compared HEMS with data from the national Major
Trauma Outcome Study (MTOS). Only one eligible study assessed
HEMS in the UK* The other p apers reported data from the
USA,30 32 34 3741 45 46 48 51 15147 49 50 Aygrralia 29 31 the Nether-
lands,**~* Germany® and South Africa 3
Fourteen studies reported results that demonstrated
a significant mortality rate improvement with HEMS 27 30 52 34
36 38 40-42 45748 30 four reported data that did not reach signifi-
3135 4499 and five did not report whether results reached

cance
significance 3 37 39 43 51

EVIDENCE REVIEW

The UK NCEPOD report from 2007" identified prehospital care
as one of several aspects of trauma care within the UK to be
substandard. A major component of prehospital care is patient
transport. The debate surrounding the most appropriate form of
transport from the scene of injury has spanned 25 years and
remains unresolved. This systematic review addresses the ques-
tion of the use of helicopter EMS in the transport of trauma
patients from the scene of injury and aims to provide readers
with a comprehensive overview of the evidence available on this
topic, upon which individuals can draw their own conclusions.

The current literature on the effect of HEMS transport on
post-trauma mortality shows varying results, with four
papers® % # 4% showing no significant benefit; the majority
show a mortality benefit with HEMS. This variation may be
a result of a number of factors.

First, the early evidence comes from the 1980s and it is likely
that HEMS services utilised now are very different in tasking,
equipment and prehospital support. It is for this reason that
early data must be interpreted with caution. Second, the studies
come from seven different countries, each of which has different
geography and offers different HEMS services and different
trauma systems available to receive the patient. Third, there is
a variety in study methodology, comparator group selection (vs
MTOS or GMT) and the level of statistical adjustment for
confounding variables.

If there is a true difference in trauma patient mortality
between those transported from the scene by HEMS and those
by the GMT service then it may be a result of a number of
factors (listed below).

Transport of a physician to the scene

Depending on the training available for nurse and paramedic
crews, a physician may bring an increased skill set to allow more
definitive management of patients at an earlier stage. An expe-
rienced prehospital trauma physician may also bring a higher
level of clinical judgement both during the initial management
of patients and in deciding the most appropriate facility for the
patients’ subsequent treatment. Studies'® 2 3% 38 46 50 haye
attempted to address this issue by comparing physician-staffed
HEMS services with paramedic-staffed ground services, but
these are, understandably, limited by the confounding factors of
the transport method and the effectiveness of the receiving
hospital. Assessing the benefit of transporting a physician to the
scene can only be done effectively by comparing a HEMS/GMT
service with and without a physician. One randomised control
trial®> did compare the outcome of blunt trauma patients
randomised to a HEMS service staffed by physician/nurse crews
versus paramedic/nurse crews. Both crews were trained to
perform the same level of interventions and transported patients
to the same level 1 trauma centre and were, therefore, compared
directly. The physician-staffed HEMS crew had a mortality rate
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35% lower than that predicted by the trauma score—injury
severity score (TRISS) method, whereas the nurse-staffed HEMS
crew had a mortality rate that was the same as that predicted.
This difference in mortality was significant. Similar results were
shown in a retrospective cohort study.?* Other work,? a retro-
spective, consecutive observational cohort study of a change in
practice, has, however, contradicted this; the two crews were
compared 2 years apatrt.

The aforementioned studies all focus on the effect that the
presence of a physician on a HEMS has on mortality. There is,
however, a core debate as to the benefit of a physician at the
injury scene irrespective of the transfer mode. Work by Liberman
et al®® compared three groups of trauma patients, all of whom
were injured in an urban setting and transported by GMT to
a level 1 trauma centre. Group 1 received physician-provided
advanced life support (ALS), group 2 paramedic-provided ALS
and group 3 emergency medical technician (EMT)-provided
basic life support (BLS). The results showed that those receiving
physician-provided ALS had the highest mortality rate and those
receiving EMT-provided BLS the lowest (group 1 23%, group 2
20%, group 3 19%). There was, however, a significantly higher
mean Injury Severity Score (ISS) and on-scene time in the
physician group. No attempt was made to control for this
difference in mean ISS, but in patients with severe but surviv-
able injuries (ISS 256—49) there was still a significantly higher
mortality rate in the physician group. It must be emphasised
that the work by Liberman ef a/ was within an urban setting and
earlier work by Messick e al in 1990 showed that ALS training
for paramedics attending trauma patients in a rural setting
provided a significant improvement in mortality.”* Such
a difference in outcome may be influenced by the longer
distances to the scene of injury as well as to the receiving trauma
unit. The literature® °3 may therefore suggest that ALS,
particularly that provided by physicians, serves no additional
benefit in urban settings. The fact that this contradicts the
evidence for the effect of a physician on trauma patient
mortality with helicopter-supported EMS is of interest. This
may be a result of the, in general, greater prehospital times
reported with a HEMS service and the services often being
deployed over larger distances. The higher skill base and clinical
decision-making of a physician may then confer more benefit
and become significant.

The effectiveness of GMT in an urban environment should be
taken into consideration when a HEMS service is being evalu-
ated in that setting. Work by Nicholl ez al in 1995 in the UK
focused on the mortality outcomes associated with the use of
the London HEMS, representative of an urban setting. This
study compared a physician-staffed HEMS with a paramedic-
staffed GMT service transporting to 20 hospitals, one of which
was equivalent to a level 1 trauma centre. Patients in the HEMS
group were all attended by physician-staffed HEMS and trans-
ported to hospital either by helicopter, by GMT with a physician
in attendance, or by GMT with no-one from HEMS in atten-
dance. The authors compared actual mortality rates with those
predicted by TRISS and found that HEMS had a 15.6% increase
in mortality from predicted and the GMT service had a 2.4%
increase from predicted. After adjusting for the nature and
severity of injuries, Nicholl er a/ found no difference in survival
in the cohorts. The M-statistic (a measure of the similarity of
injury severity mix to the prediction database eg, MTOS>) was,
however, not specified, and it should be noted that a 4-year
study performed by Younge et al,*® 2 years of which included the
same patient population used by Nicholl et al, found an
M-statistic of 0.61, which was below the acceptable value of

Emerg Med J 2010;27:692—701. doi:10.1136/em].2009.087486

0.88. The study by Younge et al found an adjusted W statistic
(adjustment for a patient caseload of high injury severity) of
4.16x2.21, meaning that between two and six extra trauma
patients in every 100 transported by HEMS rather than GMT
survive. Younge included only patients transported by HEMS to
a major trauma centre, unlike Nicholl et a/, who included all
patients transported to 19 other hospitals. The results from the
study performed by Nicholl e a/ should be interpreted with both
interest and caution. It questions the effectiveness of HEMS
within an urban setting, but what must be considered is the
trauma system in which the study was performed. HEMS
patients could be transported from the scene in three different
ways to 20 different receiving hospitals, only one of which was
a major trauma centre. This is in contrast to many of the studies
included in this review (including that by Younge et a/*®), which
compare HEMS and GMT transporting to the same major
trauma centre. A potential benefit of HEMS is the ability to
transfer patients directly from the scene to the most appropriate
definitive treatment facility and, therefore, when studying the
effect of HEMS on trauma patient mortality, the treatment
facility should be considered as part of the service. This was
suggested, but not proven, by Nicholls for only the most
severely injured.

The question of whether HEMS confers a mortality benefit by
being able to transport a physician to the scene of injury is one
with no clear answer. Multiple other factors need to be
considered, including the most appropriate way to deliver the
physician to the scene (GMT vs HEMS) and the proximity to
the receiving trauma centre.

Transport of advanced airway skills to the scene
An important distinction must be drawn between the presence
of a physician and the ability to manage an airway to a high
standard (ie, intubation and ventilation management capable).
They are neither mutually inclusive nor exclusive. Head injury is
known to be an important predictor of mortality in trauma
cases”® and a procedure known to be of great benefit in the
management of these patients is that of endotracheal intubation
(ETI). A study by Davis et al in 2005*' showed that prehospital
ETI as opposed to emergency department intubation in HEMS-
transported patients with severe head injuries improved
outcome significantly (OR 1.4, 95% CI 1.1 to 1.8).

Helicopter EMS allow a small number of highly skilled and
experienced healthcare professionals, trained in ETI, to reach
a large number of trauma patients over a wide area.

Transporting a team experienced in managing trauma patients
HEMS allow an experienced trauma team to cover a far greater
distance than would be possible by GMT. This has the benefit of
allowing a healthcare team to increase their experience and
proficiency in managing trauma patients by caring for such
patients on a daily basis. The resources to train multiple ground
crews to the same level of expertise would be great and might
not be cost-effective.”’

The way in which an experienced team is delivered to the
scene is open to debate. Since 1995, the Netherlands has changed
its approach to prehospital care. Helicopter-transported medical
teams (HMT), consisting of specially trained trauma physicians
and paramedics, attend the scene of injury to provide an addi-
tional therapeutic option to that available with the GMT team
alone, but the helicopter only rarely transports the patient to
hospital.** Factors that contributed to that policy include the
disadvantages of noise, disorientation and limited space when
using helicopters for patient transfer.
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There are three studies included in this systematic review that
compare the outcome of trauma patients in the Netherlands
who are attended to by HEMS and those who are not. Two of
these demonstrated a mortality benefit with HMT atten-
dance® ** and the third showed no significant difference.**
These data suggest that an improvement in outcome in those
attended by HEMS is more a result of the presence of an expe-
rienced trauma team than the transport method. Such a system
could be considered in other countries with similar geography,
such as the UK.

To expedite transport of patients from the scene to hospital
Although a helicopter service is often suggested as being able to
expedite the transport of patients to the appropriate facility, the
data often do not support such a hypothesis. Of the studies
included in this review that record the time at the scene and
duration of transfer, the majority show that both are increased
with helicopter EMS. It must be remembered, however, that this
does not account for distance of transfer — a factor that may be
greater in the HEMS group as a result of both tasking to remote
locations and a preference for bypassing local hospitals to access
definitive care in a major trauma centre. A study by Ringburg
et al in 2007* focused on the impact that HEMS attendance to
trauma patients had on overall on-scene times (OST) and
subsequent mortality. HEMS patients had significantly longer
mean OST than the group only attended by the GMT team (34
vs 24 min), but no mortality difference was seen after control-
ling for multiple patient and trauma characteristics. The authors
concluded that HEMS does lead to an increase in OST, but that
this is neutralised by the increased survival brought by HEMS
attendance.

A possible explanation for the prolonged prehospital time is
that the presence of a physician increases the number of
procedures undertaken at the scene. That study by Ringburg
et al** compared a physician-staffed helicopter EMS and a para-
medic-staffed GMT team. Interestingly, however, two recent
UK-based studies” °° both demonstrated that the addition of
doctors to a HEMS crew did not alter OST, but did increase the
number of advanced medical interventions performed at the
scene.

The increased prehospital time often seen with HEMS may
therefore be a result of longer transfer distance, more on-scene
intervention and being preferentially deployed in cases of
prolonged extrication. It may also be due to logistical factors,
such as delayed helicopter deployment awaiting greater clinical
information, patients held on scene awaiting HEMS, identifying
a suitable landing site, and moving the patient to and from the
helicopter.

Triage to the definitive treatment facility

Helicopter EMS have the ability to travel greater distance than
GMT in the same time. This means that patients transported by
HEMS are potentially able to be taken directly to a specialist
trauma facility or one where definitive care can be delivered,
avoiding secondary transfers. The importance of this was
demonstrated by the work of Biewener et al in 2004.%° Four
hundred and three trauma patients were managed in four
different ways: 1. HEMS transport to a university hospital
(HEMS—UNI); 2. GMT to a university hospital (GMT—UNI); 3.
GMT to a regional hospital (GMT—REG); and 4. GMT to
a regional hospital with subsequent transfer to a university
hospital (INTER). This showed that mortality of the
GMT—REG group was almost double that of the HEMS—UNI
group (41.2 vs 22.1%, p=0.002). The authors also showed that
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there was no significant difference in mortality between the
GMT—-UNI and HEMS—UNI group after adjustment. The
authors, therefore, concluded that the difference in mortality
rate seen between the HEMS—UNI and GMT—REG group was
a result of the receiving facility, not the transport method.

The degree to which either HEMS or GMT will be superior
with regards to triaging patients to the correct facility will
depend on accuracy of triage tools, geographical locations of
incidents and hospitals, and the trauma system that functions
within the region.

DISCUSSION

Reliably establishing the effect of helicopter EMS on the
mortality of trauma patients transported from the scene
remains challenging. The logistical and ethical barriers to
a randomised controlled trial comparing HEMS with GMT in
the transport of trauma patients are numerous. This has
resulted in cohort studies and large registry-based studies
forming the evidence base detailed above. The strategies used to
assess trauma care are also limited and are ably discussed by
Thomas er al.*

In recognition of these limitations of the current evidence
base, careful consideration must be given to the cost-effective-
ness of running an active HEMS. Work by Snooks et a/ in 19967
documented the cost per successful mission (a mission in which
a patient was attended) in four UK-based HEMS units
and found that each successful mission could cost between £404
and £1689 depending on service configuration, the crew and
funding.

HEMS in the UK are currently operated by numerous private
companies, many of which are funded by charitable donations.
There is currently a lack of any unifying standard operating
procedures and tasking protocols, clinical governance, or
auditing of the helicopter EMS activity. These helicopters can
usually only operate during daylight hours and have limited
capability in difficult weather conditions. The UK Search and
Rescue Framework published in April 2008% describes the
integration of multiple organisations (government, military and
charitable) in providing a coastal and sea emergency service with
centralised management and tasking. The helicopters currently
in this UK SAR service are capable of a much higher level of
operation, 24 h a day in almost all weather conditions. Such
a Framework will act as guide for a future UK HEMS service and
may contribute to trauma network planning.

The debate over the role and structure of HEMS in a modern
trauma service is likely to continue. The authors recommend
that when designing regional trauma networks there should be
a needs assessment for prehospital care specific to each network
based on critical incident frequency and travel times. The
benefits and capabilities of the emergency medical teams on
scene should be considered separately from those of using heli-
copters or land vehicles as the transport platform; helicopters
may be one of the solutions for moving the EMS or patient or
both. It is likely that prehospital EMS services, operating in
different trauma systems, with different terrain and geograph-
ical arrangements of hospital facilities, will come to different
conclusions about the appropriate need for either or both of
these resources. Such conclusions should be based on event
incidence modelling and accrued outcome data, and devise
a service that can deliver the required care at all times of the day
and night.
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